I&TENT COOPERATION TREATY, 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent* s file reference 

PHN 17.651W0 


FOR FURTHER see Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 
PCT/EP 00/09484 


International filing date (day/month/year) 

26/09/2000 


(Earliest) Priority Date (day/month/year) 

01/10/1999 


Applicant 

KONINKLI JKE PHILIPS ELECTRONICS N.V. et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a totat of 3 sheets. 

[X~| It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



2. 
3. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



4. With regard to the title, 

|"X~| the text is approved as submitted by the applicant. 

| [ the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

fX] the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. J 



PT| as suggested by the applicant. Q None of the figures. 

| | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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Magnetic resonance imaging method 



The invention relates to a magnetic resonance imaging method. In order to 
form a magnetic resonance image of an object, the object is arranged in a steady, as uniform 
as possible magnetic field. Often only a part of the object is imaged; to this end, the part of 
the object to be imaged is then arranged in the steady magnetic field. The steady magnetic 
5 field orients spins in the object to be examined predominantly in the direction of the steady 
magnetic field. According to such a magnetic resonance imaging method, spins in an object 
to be examined are excited. Relaxation of the excited spins produces magnetic resonance 
signals which are acquired. A magnetic resonance image is reconstructed from the magnetic 
resonance signals acquired. 

10 A magnetic resonance imaging method of this kind is known from United 

States patent No. 5,378,987. ; 

The known magnetic resonance imaging method is dedicated notably to 
measurement, on the basis of the magnetic resonance signals, of a temperature distribution in 
the object to be examined. The cited United States patent deals with the problems caused by 

1 5 displacements of the object to be examined. The cited United States patent mentions notably 

that the measured temperature distribution may be spoiled by displacement of the object to be * 
examined. The known magnetic resonance imaging method offers a rather cumbersome, 
time-consuming solution to this problem. The known magnetic resonance imaging method 
notably necessitates the execution of separate magnetic resonance excitation sequences for j 

20 the detection of displacements of the object and for the measurement of the frequency shift> 
due to variation of the temperature, referred to as "chemical shift data", respectively. 
According to the known magnetic resonance imaging method, such magnetic excitation^ 
sequences must both be repeated for different values of the echo time in the measurement of> 
the chemical shift. : > 

25 It is an object of the invention to provide a magnetic resonance imaging 

method wherein it is comparatively simply achieved that hardly any disturbances occur due 
to motions of the object to be examined. 

This object is achieved by means of a magnetic resonance imaging method 
according to the invention wherein 
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- magnetic resonance signals are acquired, 

- the position of a measuring site is determined, and 

- the magnetic resonance image is reconstructed from the magnetic resonance signals and on > 
the basis of the position bf the measuring site. 7 

5 In accordance with the invention, the position of a measuring site is^separately^ 

^terminedf for example^ teuch a position can be separately measured. Furthermore, a 
predetermined gTOfheMc^ relation^p exists between the measuring site and the regions 
reproduced in themagaefip resonance image. On the basis of the position determined for the 
measuring site, disturbances due to motion of the object to be examined can be avoided in the* 

10 < magnetic resonance image on the basis of the pr^etennined geometrical relationship* 
, between the measuring siteMd the re^ The object to be examined is^br^ 

^xa^le) a patient to be examined. Dining the acquisition ofthe magnetic resonance signals, 
the patient is liable to move and/or motions are liable to occur within the body of the patient, 
for examp jg?due to the respiration and/or the heartbeat. The magnetic resonance imaging 

1 5 method according to the invention notably ensures that hardly any disturbances which are 
due to such motions in and/or ofthe patient occur in the magnetic resonance image. 

The invention is implemented^ r^examypi^ in such a manner that a selected y 
^Hce : of theobject to be imaged contains the measur^ Notably when images ofthe 
same slice are repeatedly formed it is achieved that the same slice is always accurately 

20 reproduced. It is then ensured that the selected slice always extends through the measuring - 
site! The selection of such^: slice ris perfonned,^ 

in combination with a selection gradient. Such a selection gradient is superposed on the 
steady magnetic field. 

The magnetic resonance image can also be accurately corrected for motion in 
25 and/or ofthe object on the basis of the measured position of the measuring site and the^ 
predetermined geometrical relationship between the measuring site and the region to be ? 
imaged. 

It has been found that the position of the measuring site can be readily 
determined. As a result, disturbances in the magnetic resonance image which are due to 
30 motion can be very simply counteracted. 

These and other aspects ofthe invention will be elaborated on the basis of the 
following embodiments which are defined in the dependent Claims. 

Preferably, a clearly recognizable detail of the object to be examined and an > 
indication of the measuring site are reproduced in the magnetic resonance image. This is 
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realizgd^^or ^amp j^by reproducing the relevant detail and the measuring site together in 
the magnetic resonance image. On the basis of the predetermined geometrical relationship 
between the measuring site and the relevant detail, the correct position of the reproduction of 
the detail relative to the indication of the measuring site in the magnetic resonance image can 
5 also be derived. On the basis of the derived correct position of the detail it can then be readily 
checked whether the position of the detail has shifted due to motion in and/or of the object 
and, if desired, the position of the detail in the magnetic resonance image can be corrected. 

The magnetic resonance imaging method according to the invention is 
particularly suitable for accurately deriving the local temperature distribution in the object to 

10 be examined by means of the magnetic resonance imaging metiiod./To this end, reference j 
magnetic resonance signals aire first acquired at a predetermined reference temperature 5 ;after 
which measuring magnetic resonance signals are acquired at a locally increased temperature ? 
in the object to be examined. A reference magnetic resonance image/of the part of the object 
to be examined is reconstructed from the reference magnetic resonance signals. A measuring^ 

15 magnetic resonance image of the part of the object to be examined is reconstructedrfrom the 
measuring magnetic resonance signals for which the temperature has locally been varied. The 
tempera^turQ^^mSj^^pauses a frequency shift of the measuring magnetic resonance signalsy 
relative to the reference magnetic resonance signals; this frequency shift will be referred to as 
"temperature dependent chemical shift". The measuring site is reproduced in the reference 

20 magnetic resonance image as well as in the measuring magnetic resonance image and the 

position of the measuring site is separately reproduced so as to be suitably recognizable in the 
reference magnetic resonance image and the measuring magnetic resonance image, or is 
separately measured. Furthermore, the predetermined geometrical relationship between the ; 
reproduction of the detail and the indication of the measuring site in the reference magnetic f 

25 resonance image is also determined on the basis of the reference magnetic resonance image. 
As a result, the measuring magnetic resonance image and the reference magnetic resonance 
image can be made to register, the same details in both images then being situated in the 
same position in the images relative to the indication of the measuring site in both images. It 
is thus achieved that the local temperature variation can be accurately derived from the? 

30 frequency shifts of the measuring magnetic resonance signals relative to the reference y 

magnetic resonance signals while avoiding disturbances due to motion. The determination of 
the local variation of the temperature on the basis of the temperature dependent chemical 
shift per se is rather sensitive to motion, because the measuring magnetic resonance signals 
are spatially encoded on the basis of the frequencies of these signals. Because a separate } 
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determination or measuremenFcrf^ site is available accordSgto^ 

the invention^ the effect of the temperature dependent chemical shift can be separated from 
the frequency encoding of the position in space whereto the magnetic resonance signals 
relate. 

The regstration of the measuring magnetic resonance image with the reference « 
magnetic resonance image, will be^better as the positions of more different details in the 
measuring magnetic resonance image are corrected. 

The measuring magnetic resonance image is preferably made to register with 



the reference magnetic resonance image by counteracting disturbances due to motions during • 
10 theTormation^ due to motion can 

be counteracted according to the invention by ensuring, pn-the Basis of the ^position! 

. . — — ■ -fc 

determined for theffi^ufm^ the 
measuring magnetic resonance signals relate to or ^OTgiMte from the same region of the^ 
object t^bVMarnined? This can be readily achieved by selecting, on the basis of the 
15 measuring site, the same slice of the object for the acquisition of the reference magnetic 

resonance signals as well as for the acquisition of the measuring magnetic resonance signals. 
Thus, prior to the reconstruction of the reference magnetic resonance image and the 
measuring magnetic resonance image it is already ensured that these two magnetic resonance 
images register. 

20 It is also possible to make the reference magnetic resonance image and the 

measuring magnetic resonance image register after the reconstruction from the reference 
magnetic resonance signals ; and the measuring magnetic resonance signals. The measuring 
site is preferably chosen to be such that the indication of the measuring site is situated in 
substantially the same positions in the reference magnetic resonance image and the 

25 measuring magnetic resonance image, the shift of the reproduction of the detail in the/ 

measuring magnetic resonance image relative to the reproduction of the same detail in the t 
reference magnetic resonance infage then follows from the relative position of the 
reproduction of the same detail in the reference magnetic resonance image and the measuring 
magnetic resonance image relative to the indication of the measuring site. 

30 It is a further object of the invention to provide a magnetic resonance imaging 

method enabling ^curate me^iffement of thel object to be 

examined. 

This object is achieved by means of a method of forming a magnetic 
resonance image wherein: 
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- magnetic resonance signals are acquired, 

- the position of a measuring site is measured, and 

- the temperature at the measuring site is derived from the magnetic resonance signals. * 
Because the position of the measuring site is separately measured, the effect of the ^frequency 

5 shift of the magnetic resonance signals (the temperature dependent chemical shift), caused by » 
the temperature variation, can be separated from the; frequency encoding of the spatial 
positions whereto the magnetic resonance signals relate. It is notably possible to derive the 
local temperature at the exact position of the measuring site from the magnetic resonance 
signals. The effect of motion of and/or in the object to be imaged, i.e. the patient to be 

1 0 examined, is notably reduced. 

Preferably, a set of reference magnetic resonance signals is acquired at 
predetermined fefefmce temperature. *When the local temperature within the body of the 
patient to be examined is derived by means of the method according to the invention, the 
reference temperature is, ^ fexax^le^ he body temperature of the patient to be examined. 7 

15 Subsequently, the temperature is locally increased and a set of reference magnetic resonance 
signals is acquired at the increased temperature. Because the position of the measuring site 
has been separately measured, the temperature dependent chemical shift can be derived from 
the frequency shift of the measuring magnetic resonance signals relative to the reference 
magnetic resonance signals, so that the local temperature can be determined at the measuring 

20 site. Because the position "of the measuring site has been separately measured, the accuracy of 
the detennination of the temperature will hardly be affected when motion of and/or in the / 
patient to be examined occurs between the acquisition of the reference magnetic resonance* 
signals and the measuring magnetic resonance signals. Furthermore, the position of the 
measuring site at which the local temperature increase is measured is particularly reliable and 

25 notably is hardly affected by motions of and/or in the patient to be examined. 

Further advantages are achieved by deriving the temperature distribution in the 
object to be examined on the basis of the measuring magnetic resonance signals, the 
reference magnetic resonance signals and the position of the measuring site determined. 
Preferably, this temperature distribution is reproduced as a thermal imagf? Brightness or J 

30 color values represent the local temperature in such a thermal image^Furthermore, such a 
thermal image also contains image information concerning the anatomy of the patient. This 
image information is acquired by means of magnetic resonance imaging methods which are 
known per se. Such a temperature distribution constitutes a useful technical aid notably for 
performing thermal treatment on the body of the patient. Such thermal treatments concern, ^ 
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(^r^^^}iaser) ablation of tissu^^ec^je^laser radiation is then used to destroy 
diseased tissue by local heating. The diseased tissue in the desired region can be readily 
locally thermally treated on the basis of the temperature distribution reproduced in the 
thermal image. 

5 It has been found that a Inicrocoilfts [paMcularly suitable for determining tfie> 

position of the measuring site? The microcoilis mfroduc^ The 
microcoil receives magnetic resonance signals practically exclusively from the immediate 
vicinity of the microcoil: The magnetic resonance sipas received by the microcoil thu? ' 
<^ ac^atelyiep^^ The location where the microcoil is 

10 situated thus constitutes the measuring site. Microcoils for interventional e.g. endocavitary 
applications are, <^rCTampje^smaller than approximately 1 cm. Generally speaking, 
■ microcbil| having dimensions of between 0.5 mm and 3 mm are used, but even smaller 
^IffiCTocoilsl being smaller than 1 mm or even as small as approximately 0.1 mm, are also used 
to determine the position of the measuring site particularly accurately. Theimi^coillis 

1 5 preferably used in conjunction with an energy-dissipating element. Such an energy- 
dissipating element locally deposits energy,CSr^amp^in the form of laser radiation, in the 
tissue so as to increase the local temperature. The microcoil is preferably arranged near the 
energy-dissipating element. Furthermore, the microcoil is advantageously used in 
combination with a temperature sensor. Use is preferably made of a temperature sensor in the 

20 form of a~ fiber thSmometef . Such a fiber thermometer has hardly any disturbing effect on the 
magnetic resonance signals. Preferably, the temperature sensor is arranged in the immediate 
vicinity of the microcoil. This enables separate measurement of the temperature in the direct 
vicinity of the microcoil. The temperature distribution relative to the temperature measured at 
the measuring site can be derived on the basis of the position of the measuring site as 

25 determined by the microcoil and the temperature at the measuring site as determined by the 
temperature sensor. 

The invention also relates to a magnetic resonance imaging system. The 
magnetic resonance imaging system according to the invention is arranged to determine the 
position of the measuring site. Preferably, magnetic resonance imaging system according" 

30 r tolhe Tinvehtionis proWded with the microcoill Using the microcoil, magnetic resonance 
sigi^s representing the position of the measuring site are ^ the area of the ^ 
measuring site or in the immediate viciruty of the measuring site JSuch a microcoil enables 
measurement of the position of the measuring site with an accuracy of less than 1 mm^for 
examplejo.l mm. This accuracy is dependent inter alia on the accuracy of measurement of 



WO 01/25810 PCT/EPOO/09484 



the temperature and the phase of the position magnetic resonance signals. It is also 
advantageous to use a plurality of microcoils, ^r gcamp^ wo or three micro coils. When two 
microcoils are used, the position and the direction of the line through the microcoils can be 
measured; when three microcoils are used (not in one line), the position and the orientation of 
5 the plane through the three microcoils can be measured. It is also possible to use an even 
larger number of microcoils in order to measure deformations in the anatomy of the patient. 
The magnetic resonance image can be corrected for the measured deformation by image 
processing on the basis of the measured deformations. 

The invention also relates to a computer program. The computer program 
10 according to the invention contains instructions for the acquisition of magnetic resonance 

signals, for the determination of the position of the measuring site, and for the reconstruction 
of the magnetic resonance image from the magnetic resonance signals on the basis of the 
position of the measuring site determined. The magnetic resonance imaging system includes 
a computer for executing the various functions of the magnetic resonance imaging system. 
15 When the computer program according to the invention is loaded into the computer of the 

magnetic resonance imaging system, the method according to the invention can be carried out 
by means of the magnetic resonance imaging system. 

These and other aspects of the invention are apparent from and will be 
elucidated, by way of non-limitativ e example, with reference to the embodiment described 
20 hereinafter and the accompanying drawing; therein: 

Fig. 1 shows diagrammatically a magnetic resonance imaging system 
according to the invention, and 

Fig. 2 shows graphically a sequence of RF pulses and gradient pulses used to 
carry out the invention. 

25 Fig. 1 shows diagrammatically a magnetic resonance imaging system in which 

the invention is used. The magnetic resonance imaging system includes a set of maincbils 10 
for generafing the steady, uniform magnetic field. The main coils are constracted,( for 
^ca^l^in such a manner that they enclose a tunnel-like examination space. The patient to 
be examined is slid into said tunnel-like examination space. Furthermore, the magnetic 

30 resonance imaging system includes a number of gradient coils 11, 12 f whereby spatially 
varying magnetic fields, notably in the form of temporary gradients in different directions, 
are superposed on the uniform magnetic field. The gradient coils 1 1, 12 are connected to a 
variable power supply unit 21.fThe gradient coils 1 1, 12 are energized by applying an 
electrical current thereto by means of the power supply unit 21. The strength, the direction 
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and the duration of the gradients are controlled by control of the power supply unit. The 
magnetic resonance imaging system also includesJ^^jg|ion and receiving coils 1 37l Stfor 
generating the RF excitation pulses and for picking up the magnetic resonance signals, 
respectively. The transmission coil 13 is preferably constructed as a body coil 13 v^hich is 

5 arranged to enclose (a part of) the object to be examined. The body coil is usually mounted in 
the magnetic resonance imaging system in such a manner thatithepatimt 30 to be examined, 
being positioned inside the magnetic resonance imaging system, is situated within the body 
coil 13. The body coil 13 acts as a transmission antenna for the transmission of the RF 
excitation pulses and RF refocusing pulses. Preferably, the RF pulses transmitted by the body 

10 coil 1 3 have a spatially uniform intensity distribution. The same coil or antenna is usually 
used alternately as a transmission coil and as a receiving coil. Furthermore, the transmission 
and receiving coil is usually shaped as a coil, but other geometries where the transmission 
and receiving coil serves as a transmission and receiving antenna for RF electromagnetic 
signals are also feasible. The fi^^aissira and receiving coil 13 i§ connected to an electronic 

15 %ansmis^n>5^mfig^i^itT57 

It is to be noted, however, that separate receiving coils may alternatively be 
used.<jj^x ampj^ ^ used* Such surface 

coils have a high sensitivity in a comparatively small volume. The transmission coils, such as 
the surface coils, are connected to:a;demodulator 2^ and thermagnetic resonancesignals 

20 rCRFS) 1 received are demodulated by means of the demodulator 24. The demodulated magnetic , 
feswiSce~si^al& : (DMS) are applied to a reconstruction unit. The receiving coil is connected 
to a pre@plifier23. The preamplifier 23 amplifies the RF resonance signal (RFS) received 
by the receiving coil and the amplified RF resonance signal is applied to a demodulator 24. 
The demodulator 24 demodulates the amplified RF resonance signal. The demodulated 

25 resonance signal contains the actual information concerning the local spin densities in the 
part of the object to be imaged. Fxirthermorej the tfa^mssio^ 
connected to: ajnodulatof 22? The modulator 22 and ffiTttSi^ 

activate the transmission coil 13 so as to transmit the RF excitation and refocusing pulses. 
The reconstruction unit derives one or more image signals, representing the image 
30 information of the imaged part of the object to be examined, from the demodulated magnetic 
resonance signals (DMS). In practice the reconstruction unit 25 is preferably constructed as a 
( rdigital imag^processlng unit 25 which is programmed to derive from the demodulated 
magnetic resonance signals the image signals which represent the image information of the 
part of the object to be imaged. The signal on the output of the reconstruction unit is applied 
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to'a mcoufdx r 26*so as to display the three-dimensional density distribution or the 
spectroscopic information on the monitor. It is alternatively possible to store the signal from 

the reconstruction unit in a buffer unit 27>while awaiting further processing. 

The magnetic resonance imaging system according to the invention includes a 
5 microcoil 40. The niicrpcoil 401s mounted on an interventional instrument with a catheter 41>. 
The interventional instrument with the microcoil 40 is introduced into the body of the patient > 
30 with the catheter 4 r. Relaxation of excited nuclear spins in the vicinity of the microcoil 
locally produces RF magnetic resonance signals which are received by the microcoil. Such 
RF magnetic resonance signals are referred to as position magnetic resonance signals (p-MS), 

10 because they represent the position of the measuring coil 40 arranged at the measuring site 
within the body of the patient 30. The microcoil 40 is connected to the reconstruction unit 25, 
so that the position magnetic resonance signals (p-MS) are applied to the reconstruction unit 
25. The reconstruction unit 25 is programmed so as to reconstruct successive magnetic 
resonance images from the demodulated magnetic resonance signals (DMS) on the basis of 

15 the position magnetic resonance signals and to correct such magnetic resonance images for 
any motion in or of the patient. 

Furthermore, the interventional instrument includes a t^pefa^^seiisor 42? 
for measurement of the local temperature. The interventional instrument is, for example, also 
provided with a so-called "cryoprobe" 43 whereby tissue can be locally and temporarily 

20 cooled. For example, liquid helium can be locally applied. Instead of, or in addition to, a 
cryoprobe it is also possible, for example, to provide the interventional instrument with an 
optical fibeT45,»one end 44 is situated in the immediate vicinity of the microcoil 40. The 
other end of the optical fiber can be connected to a laseF46? The laser light which then 
emanates from the end 44 of the optical fiber 45 and enters the patient locally warms up or 

25 even heats tissue. An RF ablation probe can also be used to heat tissue. The cryoprobe 43 
and/or the laser 46 are controlled by means of an intervention control system 50. The 
reconstruction unit 25 reconstructs the temperature distribution and/or the variations thereof 
in the form of one or more thermal images on the basis of the temperature measured by 
means of the temperature sensor 42, the position magnetic resonance signals (so the position 

30 determined for the measuring site) and the demodulated magnetic resonance signals. 

^Figr2^shows graphically a sequence of RF pulses and gradient pulses which 
are used to carry out the invention. Graph (a) shows the sequences of RF excitation pulses 
(EXlT^TTEXi), refocusing pulses (RF17RF27RF3~ .:, RFi),*read-out gradients (RG17RG2, > 
7»-pand the magnetic resonance signals (gradient echoes) (RFS1 1, RFS12, RFS13, RFS21, > 
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r WM^JRESIS' ...) generated thereby. Graph (b) shows the associated phase encoding 
gradients. The sequence shown is a so-called GRASE:sequence in which a plurality of RF 
refocusing pulses are applied between individual RF excitation pulses. The RF excitation 
pulses excite spins in the body of the patient to be examined. For example, the RF excitation 

5 pulse excite spins in a selected slice of the body of the patient. Such a slice is selected by 
superposition of a selection gradient on the steady magnetic field of the main coils. The 
refocusing pulses generate spin echoes from the excited spins. A plurality of temporary, 
^suc^iwl^out :^ai^^^^^^^KG35:are applied between successive RF 
refocusing pulses. The read-out gradients generate the gradient echoes of the excited spins. 

1 0 The combination of the RF refocusing pulses and the read-out gradients yields magnetic 
resonance signals RFS. Such magnetic resonance signals have the mixed character of spin 
echo signals and gradient echo signals. Phase-encoding gradients are applied between the 
successive read-out gradients ^Gn77^RG33. The direction of the phase-encoding gradients 
extends essentially perpendicularly to the direction of the read-out gradients. Under the 

15 influence of the read-out gradients as shown in the graph (b) in Fig. 2, the wave vector of the 
magnetic resonance signals describes parallel,, mutually offset line segments in the k space. 
The phase-encoding gradients ensure that path between successive refocusing pulses a part of 
the k space is traversed each time along a meandering path. The line segments constitute 
respective straight parts of the meandering path. The successive meandering paths between 

20 successive pairs of refocusing pulses are mutually offset in the k space. In the example shown 
in Fig. 2 Tfirst nuandCTing pthlaffi^ 

magnetic resoni^ and the meandering path through the 

k space which is desired by the magnetic resonance signals RFS21, RFS22, RFS23 has been 
shifted in the direction transversely of the direction of the straight segments of the 

25 meandering path. 

The invention is used as follows in the QRASE sequence of Figr 2 r Together 
with the magnetic resonance signals RFS1 1 ... RFS 13, the microcoil 40 ^^elvesj^siHon 
magnetic resonance ^signals (p-MS)xon^^ S 
{ sitfiited, for example, at the area of the end 45 of the optical fiber^^^uaa^lhe; ? 
30 c^tmq^Su^slo^ 

r^cimt^f the^ Th e phase-encoding 

gradients applied between the successive refocusing pulses RF1 and RF2 can be adapted so 
as to ensure that the position of the detail, in this case being the treated part of the tissue, is 
reproduced in the correct location in the magnetic resonance image. In a further elaboration 
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of this implementation of the invention magnetic resonance signals between several pairs of 
refocusing pulses are used as reference magnetic resonance signals. On the basis of 
differences between position magnetic resonance signals of thejnicrocoil, acqiiired between 
successive pairs of refocusing pulses, it is also possible to detect motion in or of the patient to 
5 be examined. On the basis of the differences between position magnetic resonance signals to 
both sides of a refocusing pulse, subsequently the phase-encoding gradients applied after a 
next refocusing pulse are adapted so as to correct for the detected motion. 

Furthermore, in the GRASE sequence shown in Fig. 2 it is also possible to 
derive the temperature variation from phase differences between gradient echoes (RF12> 

1 0 RF22 which always occur halfway between successive refocusing pulses .> The distance in 
time between successive refocusing pulses is adjusted so that the phase crosses zero halfway 
between the successive refocusing pulses. A temperature variation causes an additional phase* 
contribution which is^prdSmately proportional to the temperature dependent chemical * 
sMft. Tins phase contribution between the phases of successive 

1 5 g^di^t echoes, eactti 
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CLAIMS: 



1 . A method of forming a magnetic resonance image wherein 

- magnetic resonance signals are acquired, 

- the position of a measuring site is determined, and 

- the magnetic resonance image is reconstructed from the magnetic resonance signals and on 
5 the basis of the position of the measuring site. 

2. A method of forming a magnetic resonance image as claimed in Claim 1 
wherein 

- a detail and an indication of the measuring site are reproduced, and 

10 - the position of the detail in the magnetic resonance image is corrected on the basis of the 
position of the indication of the measuring site in the magnetic resonance image. 

3. A method of forming a magnetic resonance image as claimed in Claim 1 
wherein 

15 - a set of measuring magnetic resonance signals is acquired at a reference temperature, 

- a set of measuring magnetic resonance signals is acquired after the temperature has been 
changed, notably increased, at the area of the measuring site, 

- a reference magnetic resonance image is derived from the reference magnetic resonance 
signals, 

20 - a measuring magnetic resonance image is derived from the measuring magnetic resonance 
signals, and 

- the measuring magnetic resonance image and the reference magnetic resonance image are 
made to register on the basis of the position determined for the measuring site. 

25 4. A method of forming a magnetic resonance image as claimed in Claim 3 

wherein 

- on the basis of the position determined for the measuring site the reference magnetic 
resonance signals and the measuring magnetic resonance signals are acquired from 
essentially the same region. 
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5. A method of forming a magnetic resonance image as claimed in Claim 3 
wherein 

- a detail and an indication of the measuring site are reproduced in the reference magnetic 
5 resonance image, 

- the same detail and the indication of the measuring site are reproduced in the measuring 
magnetic resonance image, and wherein 

- a shift of the detail is derived from respective positions of the detail relative to the 
indication of the measuring site in the reference magnetic resonance image and the measuring 

10 magnetic resonance image, 

- the position of the detail in the measuring magnetic resonance image is corrected on the 
basis of the derived shift of the detail. 

6. A method of forming a magnetic resonance image wherein 
15 - magnetic resonance signals are acquired, 

- the position of a measuring site is measured, and 

- the temperature at the measuring site is derived from the magnetic resonance signals. 

7. A method of forming a magnetic resonance image as claimed in Claim 6 
20 wherein 

- a set of reference magnetic resonance signals is acquired at a reference temperature, 

- the temperature at the area of the measuring site is changed relative to the reference 
temperature, the temperature notably being increased at the area of the measuring site, 

- a set of measuring magnetic resonance signals is subsequently acquired, and 

25 - a temperature distribution is derived from the reference magnetic resonance signals, the 
position of the measuring site and the measuring magnetic resonance signals. 

8. A method of forming a magnetic resonance image as claimed in Claim 7 
wherein 

30 - a thermal image is derived from the measuring magnetic resonance signals, the reference 
magnetic resonance signals and the position of the measuring site, said thermal image 
reproducing the temperature distribution. 

9. A method as claimed in Claim 1 or 6 wherein 
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J^l^^^pSiis used to acquire position magnetic resonance signals at the area of the 
microcoil, and 

- the position of the measuring site is derived from the position magnetic resonance signals. 

5 10. A magnetic resonance imaging system provided with 

- a coil system for acquiring magnetic resonance signals and for determining the position of a 
measuring site, and 

. a reconstruction unit for the reconstruction of a magnetic resonance image from the 
magnetic resonance imaging signals and the position determined for the measuring site. 

10 

1 1 m A magnetic resonance imaging system as claimed in Claim 1 0 which includes 

- a microcoil for the acquisition of position magnetic resonance signals at the area of the 
microcoil, and wherein 

- the reconstruction unit is arranged to derive the magnetic resonance image from the 
15 magnetic resonance signals and on the basis of the position magnetic resonance signals. 

12. A computer program containing instructions for 

- the acquisition of magnetic resonance signals and 

- the determination of the position of a measuring site, and 

20 - the reconstruction of a magnetic resonance image from the magnetic resonance imaging 
signals and the position determined for the measuring site. 
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